Dietary pattern analysis, which reflects the complexity of dietary intake, has received considerable attention by nutritional epidemiology. For a long time, two general approaches have been used to define these summary variables in observational studies. The exploratory approach is based only on the data of the study, whereas the hypothesis-oriented approach constructs pattern variables based on scientific evidence available before the study. Recently, a new statistical method, reduced rank regression, was applied to nutritional epidemiology that is exploratory by nature, but can use scientific evidence by focusing on disease-related dietary components or biomarkers. Several studies, both observational and clinical, suggest that dietary patterns may predict the risk of CHD and stroke. In the present review, we describe the results of these studies and the available evidence regarding the relationships between dietary patterns and risk of CVD and we discuss limitations and strengths of the statistical methods used to extract dietary patterns.
Diseases of the heart and circulatory system (CVD) are the main cause of death in Europe (Petersen et al. 2005) and worldwide (World Health Organization, 2005) . Nearly half of all deaths in Europe are from CVD. The main forms of CVD are CHD and stroke. They account for about 3·23 million deaths in Europe each year (Petersen et al. 2005) . In addition, the economic costs of these diseases are enormous. For example, in 2003, direct medical and treatment costs, informal care costs, and indirect costs due to disability and mortality have been estimated at about 79 billion e in the European Union (Petersen et al. 2005) . Therefore, primary prevention is of paramount importance, and risk factors for these diseases, among them diet, have long been a focus of epidemiological research.
With regard to diet, however, the dominant approach in the past, that of examining single nutrients or foods, is fraught with problems due to the complexity of dietary intake in relation to diseases. Nutrients may interact with each other and influence their bioavailability and absorption. Because many nutrients are contained in the same foods and foods are eaten in combination, it is difficult to attribute effects to single dietary components. Furthermore, given the relative stability of energy intake at the individual level, changes in dietary habits are generally characterised by substitution effects for macronutrient intake. For example, high-carbohydrate diets will tend to be low-fat and/or low-protein diets as well. Similar substitution effects reflect food consumption habits where foods are chosen alternatively and a high consumption of one food (for example, potatoes) must be associated with lower intake of other foods (for example, rice and pasta). These make inferences about the relevance of individual foods and nutrients particularly troublesome. Therefore, to gain full understanding of the relationship between diet and the development of CVD, it is desirable to use several methodological approaches. The study of food patterns, besides studying individual foods and nutrients or food components, in reducing disease risk is seen as a complementary strategy here (Jacobs & Steffen, 2003) . Dietary patterns account for cumulative and interactive effects and reflect real-world dietary preferences and may be particularly suitable for analyses in nutritional epidemiology when many dietary components are relevant for a disease. Dietary pattern analysis might therefore be particularly useful in the context of prevention of CVD. The objective of the present paper is to review published studies of dietary patterns for CHD and stroke and to discuss methodological issues relevant for epidemiological applications.
Reference selection procedures
To identify dietary studies that evaluated dietary patterns with regard to CHD and stroke, we searched PubMed (http:// www.ncbi.nlm.nih.gov/entrez/query.fcgi?db ¼ PubMed) using the terms 'factor analysis', 'principal component analysis', 'cluster analysis', 'index', and 'score' in combination with 'patterns or habits' and 'dietary, food, or nutrients' as well as 'cardiovascular disease, coronary heart disease, coronary artery disease, myocardial infarction, or stroke'. Reference lists from selected articles and from reviews on dietary pattern analysis were also reviewed to locate additional papers that were not retrieved in the PubMed search.
Methods of pattern analysis
Two general approaches have been used to define dietary patterns in observational studies (Jacques & Tucker, 2001; Schulze & Hu, 2002) (Fig. 1 ). On the one hand, patterns can be defined in a hypothesis-oriented way based on available scientific evidence for specific diseases. The evidence may here be drawn from studies on single dietary components, for example, single nutrients that may be beneficial or detrimental for CVD, or from studies on overall dietary habits, for example, Mediterranean or vegetarian diets. It is also common to use pattern scores as summary measures of the degree to which an individual's diet conforms to specific dietary recommendations. For example, the Healthy Eating Index (Kennedy et al. 1995 ) is a summary measure of the degree to which an individual's diet conforms to the recommendations set out by the previous United States Department of Agriculture Food Guide Pyramid (Kennedy et al. 1995) and to specific recommendations in the 1990 US Dietary Guidelines for Americans (Kennedy et al. 1995) . Hypothesis-oriented patterns are defined as a composite score from various food items or nutrients. Individual components are summed as dichotomised variables (based on predefined cut-points), ordinal variables (for example, quintiles), or as continuous variables, where in the latter case some sort of standardisation allows to assign equal weights to each component (Schulze et al. 2003a) . Such summary variables do not reflect overall diet, but rather selected aspects of individual nutrition.
In contrast to hypothesis-oriented patterns, exploratory methods rely totally on the data at hand and derive patterns purely empirically. Principal component analysis and exploratory factor analysis, and cluster analysis are the two predominant exploratory methods applied in nutritional epidemiology. Both might work well in identifying the major dietary patterns of a particular study population (Hu, 2002; . Principal component analysis identifies foods that are frequently consumed together. It aggregates food items or food groups on the basis of the degree to which they are correlated with one another. The goal is to identify linear composites of food items or food groups that account for the largest amount of variation in diet between individuals. While in principal component analysis the component score represents a mathematical transformation (a linear combination) of the observed variables, factor scores computed in factor analysis are considered only estimates of where individuals stand on the actual underlying and unobservable factor. Besides the theoretical differences between both methods, factor analysis based on the principal factor method (usually applied in dietary pattern analyses) gives generally similar results as principal component analysis. Initial patterns identified are usually rotated by an orthogonal transformation to achieve simple structure with greater interpretability. The factor score for each pattern can be computed by combining the standardised food variables with weights that are proportionate to their component loadings. However, a simpler approach is to combine with equal weight only those standardised food groups that showed high factor loadings (Schulze et al. 2003a) . Food groups with high loadings can easily be identified if the pattern structure is simple (high or near-zero loadings), but this is frequently not the case for dietary patterns (Schulze & Hu, 2002 ). Chronbach's coefficient a (Bland & Altman, 1997) and confirmatory factor analysis (Bentler, 1980) allow to formally test which food items contribute significantly to the pattern, but these techniques have rarely been applied in dietary pattern analysis (Gittelsohn et al. 1998; Maskarinec et al. 2000; Schulze et al. 2003b) .
Cluster analysis defines mutually exclusive clusters of individuals. Cluster analysis is based on distance measures between observations of individuals. Initial cluster seeds are followed by repeated comparisons between the means of initial clusters and subsequent updates of cluster groupings and means. Subjects are moved between clusters and new means are computed until the distances between the observations within clusters are small enough compared with the distances between cluster means. Applying cluster analysis to nutritional science, dietary differences between clusters need to be descriptively evaluated. Because variables with large variances tend to have a greater effect on the resulting clusters than those with small variances, food intake should be standardised in advance or the percentage of energy contributed by each food should be used in the cluster analysis .
Just recently, we have introduced reduced rank regression into nutritional epidemiology as an additional tool for dietary pattern analysis (Hoffmann et al. 2004a) . Reduced rank regression does not focus on explaining variance between foods like principal components analysis but identifies linear functions of predictors (for example, food groups) that explain as much variation as possible in a set of intermediate response variables, for example, nutrients (Hoffmann et al. 2004a) or biomarkers (Hoffmann et al. 2004b) . Since it uses both available dietary data of the study and prior knowledge for choosing appropriate response variables, it is a mix of an exploratory and a hypothesis-oriented approach. Reduced rank regression is similar to factor analysis in its mathematical foundation and technique of deriving factors. It can be interpreted as a principal component analysis applied to responses and a subsequent linear regression of principal components on predictors, although it is somewhat more sophisticated and efficient than this two-step procedure. As with principal component analysis, the score for each pattern can be computed by combining the standardised food variables, either with weights that are proportionate to their component loadings or with equal weights when restricting the food items to those that showed high loadings.
Dietary patterns and risk of coronary heart disease and stroke
Only one randomised trial has examined the effect of a dietary pattern on CVD, conducted among patients with existing myocardial infarction. In the Lyon Diet Heart study, de Lorgeril et al. (1999) found that a Mediterranean-type diet rich in a-linolenic acid reduced the rate of recurrence after a first myocardial infarction over a period of 46 months. In comparison with the control group, the Mediterranean-type diet group had a relative risk (RR) of cardiac deaths and non-fatal myocardial infarctions of 0·28 (95 % CI 0·15, 0·83).
Most evidence for a relationship between dietary patterns and CVD risk comes from observational studies. A growing number of studies, many carried out in large and well-described prospective cohorts, have been published in recent years (Table 1) . Some studies used cluster analysis to derive dietary patterns. In the Italian centres of the Seven Countries study (Farchi et al. 1989) , mortality rate was highest among those participants with a low-carbohydrate and high-alcohol, high-energy diet (high consumption of alcohol, low consumption of fruit, cakes, and meat compared with other clusters) but was lowest with a diet high in polyunsaturated fat (high consumption of seed oils, low consumption of olive oil, processed meat, fish, eggs, and vegetables compared with other clusters). However, mortality rates were adjusted for age and geographical area only, giving the possibility that differences in other characteristics between clusters may explain this finding. In the Cardiovascular Health study (Diehr & Beresford, 2003) , participants with low energy, carbohydrate, fibre, and protein intake had a significantly lower risk of developing angina pectoris or myocardial infarction compared with participants who followed a 'healthy' diet (characterised by low fat and high fibre and carbohydrate intakes). Millen et al. (2004) compared women in a 'heart healthy' diet cluster, characterised by high intakes of fruit, vegetables, lean protein sources, whole grains, low-fat dairy products and lower fats, with the rest of women in the Framingham Offspring/Spouse study, but could not observe a significant difference in the incidence of subclinical heart disease.
Factor analysis was applied in the 'Monitoring Trends and Determinants in Cardiovascular Disease' (MONICA) Denmark study to empirically derive patterns (Osler et al. 2001 (Osler et al. , 2002 . While a lower CVD mortality was observed among women with high scores at a 'prudent' pattern (RR for 1 SD increase: 0·63; 95 % CI 0·44, 0·90), which represented a diet rich in wholemeal bread, pasta, rice, oatmeal products, fruit, vegetables, fish, and low in white bread, it was not associated with CVD mortality among men or with CHD risk (fatal and non-fatal) among both men and women. In the US-based Nurses' Health study and Health Professionals Follow-up study (HPFS), two dietary patterns derived with factor analysis have been evaluated with regard to CHD and stroke risk Fung et al. 2001b Fung et al. , 2004b . In both studies, a 'prudent' pattern, rich in vegetables, fruit, legumes, whole grains, fish and poultry, significantly lowered CHD risk. In the Health Professionals Follow-up study, the RR comparing the highest with the lowest quintile of pattern score was 0·70 (95 % CI 0·56, 0·86), while the corresponding RR in the Nurses' Health study was 0·76 (95 % CI 0·60, 0·98). In contrast, a 'Western' diet pattern (high in red meat, processed meat, refined grains, sweets and desserts, French fries, and high-fat dairy products) found in both studies was directly associated with CHD incidence. The RR comparing the highest with the lowest quintile of pattern score was 1·64 (95 % CI 1·24, 2·17) in the Health Professionals Follow-up study and 1·46 (95 % CI 1·07, 1·99) in the Nurses' Health study. While the 'prudent' pattern was associated with a non-significantly decreased risk of stroke in the Nurses' Health study (RR 0·78; 95 % CI 0·61, 1·01), the 'Western' pattern was related to a significantly increased risk (RR 1·58; 95 % CI 1·15, 2·15).
In the same study populations, several hypothesis-oriented patterns were evaluated with regard to CHD and stroke risk. Stampfer et al. (2000) demonstrated that a pattern score reflecting a diet low in trans fat and glycaemic load, and high in cereal fibre, marine n-3 fatty acids and folate and with a high polyunsaturated:saturated fat ratio strongly predicted the risk of CHD in the Nurses' Health study. Women in the lowest quintile of the pattern score had a RR of CHD of 1·90 (95 % CI 1·55, 3·34). The Healthy Eating Index, a measure of how well diets conform to the US Department of Agriculture Dietary Guidelines for Americans (Kennedy et al. 1995) , was associated with a modest reduction in CVD risk (McCullough et al. 2000a,b) . The Healthy Eating Index consists of ten equally weighted components measuring adherence to serving recommendations for grains, vegetables, fruit, milk, and meat, as well as measuring intake of total fat, saturated fat, cholesterol, Na, and diet diversity. The RR of CVD comparing the highest with the lowest quintile of pattern score was 0·86 (95 % CI 0·72, 1·03) in the Nurses' Health study and 0·72 (95 % CI 0·60, 0·88) in the Health Professionals Follow-up study. Modifying the index by incorporating specific goals for vegetables, fruit, nuts, red and white meat, cereal fibre, trans fat, PUFA:saturated fatty acid ratio, supplement use and alcohol intake resulted in a better prediction of CVD risk (McCullough et al. 2002) . Participants in the highest quintile of the modified index called Alternate Healthy Eating Index had a RR of 0·72 (95 % CI 0·60, 0·86) in the Nurses' Health study and 0·61 (95 % CI 0·49, 0·75) in the Health Professionals Follow-up study. In the same study, the Recommended Food Score, a summary measure of the consumption of vegetables, fruit, legumes, potatoes, poultry, fish, whole grains, and low-fat dairy products, was associated with reduced CVD risk among men in the Health Professionals Follow-up study (RR 0·77; 95 % CI 0·64, 0·93), but not among women in the Nurses' Health study. The Recommended Food Score was evaluated in two further studies, where it was associated with decreased CHD and stroke morbidity (Michels & Wolk, 2002) and mortality (Kant et al. 2000) . It is important to note here that the Recommended Food Score emphasises specific foods, not food groups, and is heavily contributed to by fruits and vegetables. Mediterranean-style diets have particularly drawn attention with regard to the prevention of CVD. Trichopoulou et al. (2003) evaluated adherence to a Mediterranean diet score with regard to overall as well as CVD mortality in the Greek part of the European Prospective Investigation into Cancer and Nutrition (EPIC) study. A high diet score reflected a diet rich in vegetables, legumes, fruit and nuts, cereals, and fish and low in meat, poultry, and dairy products, with a moderate alcohol intake, and a high MUFA:saturated fatty acid ratio. A 2-point increase in diet score was associated with a RR of CVD death of 0·67 (95 % CI 0·47, 0·94). Evaluating the same pattern score in the Healthy Ageing: a Longitudinal study in Europe (HALE) project, Knoops et al. (2004) observed also lower CHD and CVD mortality among participants who adhered more strongly to the Mediterranean diet. Just recently, we derived a dietary pattern with reduced rank regression using plasma folate, vitamin B 12 and homocysteine concentrations as responses . The pattern reflected a diet rich in mushrooms, olive oil, fresh fruit, wine, vegetables, wholegrain bread, and nuts and low in fried potatoes and was associated with higher plasma folate and vitamin B 12 concentrations but lower homocysteine. We observed a moderately reduced risk of myocardial infarction with higher pattern score in the prospective EPIC-Potsdam study (RR for extreme quintiles: 0·72; 95 % CI 0·43, 1·20; P¼0·041 for trend).
Biological mechanisms linking dietary patterns to coronary heart disease and stroke
Several potential biological mechanisms may explain how overall dietary patterns are related to the risk of CHD and stroke, among them effects on blood pressure, blood lipid levels, blood homocysteine concentrations, oxidative stress, endothelial function, inflammation, and insulin sensitivity . Evidence for these relationships has been accumulated over the last years from several lines: clinical trials, cohort studies, as well as cross-sectional studies. That plant-based dietary patterns have favourable effects on blood pressure has been convincingly demonstrated by the Dietary Approaches to Stop Hypertension (DASH) trial (Appel et al. 1997) , trials on vegetarian diets (Rouse et al. 1983; Margetts et al. 1986) , and a prospective cohort (Schulze et al. 2003b) . Furthermore, in a recent trial over a 2-year period among men and women with the metabolic syndrome, increased consumption of fruit, vegetables, walnuts, whole grains, and olive oil significantly reduced concentrations of C-reactive protein (CRP), IL-6, IL-7, and IL-18, reduced insulin resistance, as well as improved endothelial function compared with the control group which consumed an otherwise healthy diet (,30 % fat, , 10 % saturated fat; Esposito et al. 2004) . These effects were attenuated but not eliminated by additional adjustment for weight change over the course of the study. That overall dietary patterns derived using factor analysis predict risk of diabetes, a major risk factor for CHD and stroke, has been reported by several cohort studies, where specifically 'Western'-type diets were associated with an increased risk (van Dam et al. 2002; Fung et al. 2004a; Montonen et al. 2005) . We have recently identified a dietary pattern with reduced rank regression in the prospective EPIC-Potsdam cohort which was characterised by a high intake of fresh fruit and a low intake of sugar-sweetened beverages, beer, meat, poultry, processed meat, legumes, and bread excluding wholegrain bread . Subjects who scored high had high plasma concentrations of HDL-cholesterol and adiponectin and low plasma concentrations of HbA 1c and had a lower risk to develop type 2 diabetes. Also using reduced rank regression, a dietary pattern high in sugar-sweetened soft drinks, refined grains, diet soft drinks, and processed meat, and low in wine, coffee, cruciferous vegetables, and yellow vegetables was related to higher levels of markers of inflammation and endothelial dysfunction and to a higher risk of type 2 diabetes in the Nurses' Health study .
There is further evidence from cross-sectional studies on dietary patterns and risk markers of CHD and stroke. We were able to identify a dietary pattern with reduced rank regression among women in the German 'Coronary Risk Factors for Atherosclerosis in Women' (CORA) study that was associated with lower HDL-cholesterol levels, but higher C-peptide and CRP levels. The dietary pattern was characterised by high intakes of meat, margarine, poultry, and sauce and low intakes of vegetarian dishes, wine, vegetables, and wholegrain cereals (Hoffmann et al. 2004b ). The US-based 'prudent' pattern was inversely associated with plasma concentrations of CRP and E-selectin and the 'Western' pattern showed a positive relationship with CRP, E-selectin, soluble intercellular adhesion molecule-1 and vascular cell adhesion molecule-1 after adjustment for age, BMI, physical activity, smoking status, and alcohol consumption in the Nurses' Health study (Lopez-Garcia et al. 2004 ). In addition, the 'Western' pattern was significantly correlated with fasting insulin, C-peptide, and homocysteine and inversely with folate levels in the Health Professionals Follow-up study after adjustment for a variety of risk factors including BMI (Fung et al. 2001a) . In contrast, the 'prudent' pattern was associated with higher folate, but lower fasting insulin and homocysteine concentrations in this study. Somewhat similar patterns were observed in the third National Health and Nutrition Examination Survey (NHANES-III), where the 'Western' pattern (high intakes of processed meat, eggs, red meat, and high-fat dairy products) was directly associated with C-peptide, insulin and HbA 1c and inversely with folate concentrations after adjustment for confounding variables, while the 'American-healthy' pattern (high intakes of vegetables, salad dressings, and tea) was not associated with any of the CVD risk markers examined (Kerver et al. 2003) . Van Dam et al. (2003) identified a 'cosmopolitan' pattern (greater intakes of fried vegetables, salad, rice, chicken, fish, and wine), a 'traditional' pattern (greater intakes of red meat and potatoes and lesser intakes of low-fat dairy and fruit), and a 'refined-foods' pattern (greater intakes of French fries, high-sugar beverages, and white bread and lesser intakes of wholegrain bread and boiled vegetables) in the 'Monitoring Project on Risk Factors and Chronic Diseases in the Netherlands' (MORGEN) study. Independent of other lifestyle factors and BMI, a high 'cosmopolitan' pattern score was significantly associated with lower blood pressure and higher HDLcholesterol concentrations while a high 'traditional' pattern score was associated with higher blood pressure and higher concentrations of HDL-cholesterol, total cholesterol, and glucose. The 'refined-foods' pattern was directly associated with total cholesterol concentrations. The Alternate Healthy Eating Index, the Recommended Food Score, and the alternate Mediterranean Diet Index (all described earlier) were inversely associated with levels of inflammatory markers independent of lifestyle characteristics and BMI in the Nurses' Health study (Fung et al. 2005b) , while the Healthy Eating Index and the Diet Quality Index Revised were not. In the Italian Risk Factors and Life Expectancy (RIFLE) project, the Food Pyramid Index reflecting the ratio of fatty foods (oils, fats, sweets, dairy products, meat, poultry, and fish) and low-fat foods (pasta, rice, bread, and legumes) was directly related to BMI, blood pressure, total cholesterol and glucose levels (Massari et al. 2004 ).
Discussion
We have identified several prospective studies that evaluated dietary patterns with regard to CHD or stroke risk. Overall, plant-based dietary patterns which are rich in fruit, vegetables, and whole grains, but low in meat and refined grains and that focus on healthy sources of fat appear to be useful for preventing CHD and stroke. This evidence is facilitated by one randomised secondary prevention trial as well as studies relating dietary patterns to CHD risk markers. Some of the studies reviewed in the present paper have been reviewed elsewhere (Hu, 2002; Schulze & Hu, 2002; Kant, 2004; . However, earlier reviews by Hu (2002) and Schulze & Hu (2002) were limited to studies published before 2002, missing a large number of studies published within the last few years (McCullough et al. 2002; Michels & Wolk, 2002; Osler et al. 2002; Diehr & Beresford, 2003; Trichopoulou et al. 2003; Fung et al. 2004b; Knoops et al. 2004; Millen et al. 2004; Weikert et al. 2005) . The more recent reviews by Kant (2004) and were not focused on CHD and stroke, and were in part limited to exploratory patterns . From the seventeen prospective observational studies which we identified, eight studies (Farchi et al. 1989; Stampfer et al. 2000; Diehr & Beresford, 2003; Trichopoulou et al. 2003; Fung et al. 2004b; Knoops et al. 2004; Millen et al. 2004; Weikert et al. 2005) have not been reviewed by Kant (2004) and nine studies (McCullough et al. 2000a (McCullough et al. ,b, 2002 Stampfer et al. 2000; Michels & Wolk, 2002; Trichopoulou et al. 2003; Fung et al. 2004b; Knoops et al. 2004; Weikert et al. 2005 ) not by .
Several limitations apply to pattern approaches in general. Correlated measurement error in assessing foods may distort definition of a pattern. This would lead to an overestimation of correlation between foods, and phenomena such as overreporting of 'healthy' foods may selectively misclassify study individuals. Furthermore, there is not much information yet on whether the applied food grouping influences retained patterns and their subsequent risk estimates (McCann et al. 2001) . Another question that has received little attention in pattern analysis is whether patterns are reproducible within the same study population. Hu et al. (1999) evaluated whether factor analysis-based patterns are reproducible in the Health Professionals Follow-up study and found reliability correlations for the factor scores between two food-frequency questionnaires of 0·70 for a 'prudent' pattern and of 0·67 for a 'Western' pattern. Similar reliability correlations were observed for the Diet Quality Index Revised in this cohort (Newby et al. 2003) and for factor analysis-based patterns in the Swedish Mammography Cohort (Khani et al. 2004) . In randomly generated split-half samples, found clusters to be more accurately reproducible than factors. Similarly, few studies have evaluated the validity of dietary patterns based on dietary data from food-frequency questionnaires compared with other dietary assessment methods. Correlations between food-frequency questionnaire-based patterns and those based on dietary records ranged from 0·45 to 0·85, suggesting a reasonable validity (Hu et al. 1999; Newby et al. 2003; Khani et al. 2004) .
Exploratory approaches to define dietary patterns involve arbitrary choices, such as the number of food groups to be included and the number of factors or clusters to be retained (Martinez et al. 1998) . Although exploratory dietary patterns represent real-world dietary behaviours that may be of interest by themselves, they often seem to account only for a small or moderate proportion of total variance of foods (Schulze et al. 2001) and for a tiny proportion of disease-relevant variation of dietary intake. The derived patterns are therefore unlikely to be appropriate to predict a specific disease. Even if a pattern has been shown to be associated with a particular disease, it does not suggest that the observed pattern is the most beneficial or most detrimental. Another concern is that exploratory patterns are by nature population-specific, and results of aetiological studies may not be reproducible in other populations (Schulze & Hu, 2002) . Moreover, it is possible that either only certain components trigger the beneficial or adverse health effect of the pattern or that only the full combination of food components does. Although dietary patterns might share important components across different populations, for example red meat for similarly labelled 'Western' patterns in the USA Kerver et al. 2003) and Europe (Osler et al. 2002) , it is therefore not straightforward to assume similar health effects. Application of exploratory pattern analysis might also not be appropriate in situations where the effect is caused by one specific nutrient or food, since their effect will most probably be diluted. For example, only fruit and vegetables were significantly associated with risk of postmenopausal breast cancer in the Nurses' Health study, but this association was diluted evaluating dietary patterns: the 'prudent' pattern, which contained fruit and vegetables as components, was not significantly associated with risk (Fung et al. 2005a) . Still, exploratory patterns can provide information for setting priorities for changing dietary habits in a population by public health initiatives (van Dam, 2005) .
On the other hand, the hypothesis-oriented approach offers the possibility of constructing pattern variables based on existing scientific evidence. Whether hypothesis-driven patterns have greater effects on disease risk than exploratory patterns will largely depend on the strength of evidence the hypothesis-driven patterns are based on. Such dietary scores also require quite subjective decisions, for example, the identification of foods considered 'recommended' or the frequency of consumption deemed important; and their definition may vary substantially across investigators. In addition, hypothesis-oriented patterns may still depend on the data at hand. For example, although individual components of the Mediterranean pattern score are defined a priori, whether individuals score '0' or '1' at single components depend on their relative intake with sex-specific medians as cut-points for most components (Trichopoulou et al. 2003) . Thus, the quantitative food intake of individuals considered to adhere to the Mediterranean pattern based on the scoring system may be quite different across different studies. Scores based on dietary recommendations are most often not disease-specific and can only be as good as the dietary guidelines.
Food intake is the primarily recorded data in observational studies and is subsequently converted into nutrient intake by using weights for nutrient concentrations obtained from food tables. Thus, nutrient-based dietary patterns might be hampered by uncertainties and errors inherent to nutrient intake data (Leclercq et al. 2001) .
The reduced rank regression approach requires response (for example, biomarker) information. This information may not be available in many studies otherwise suitable to evaluate dietdisease associations. Also, the biomarker information available may not reflect the current status of knowledge about pathways which may be relevant in the development of disease, hereof CHD and stroke. It is also unlikely that reduced rank regression is able to identify a dietary pattern that is linked to most or all potential pathways by which diet may influence CHD or stroke risk. For example, we were able to identify a dietary pattern with reduced rank regression that was related to lower HDLcholesterol and higher C-peptide and CRP concentrations. But this pattern did not explain variance of LDL-cholesterol and lipoprotein(a) (Hoffmann et al. 2004b ). Another concern is that associations between reduced rank regression patterns and CHD and stroke risk would need to be confirmed in independent studies, if the response biomarkers have been evaluated with regard to the endpoint in the same population (van Dam, 2005; Weikert et al. 2005) . In addition, confounding may already distort the results of a study at the step of reduced rank regression, since food intake and CHD risk markers may both be related to lifestyle factors, anthropometric characteristics or existence and treatment of medical conditions . Still, the use of biomarkers of disease as response variables in reduced rank regression is of scientific interest because it may not only help to identify dietary patterns with relevance for CHD and stroke, but can simultaneously aid the pathophysiological interpretation of observed associations.
Conclusions
Dietary pattern analysis is an analytical approach that allows for and reflects the complexity of dietary exposure. This approach might be useful, especially if many dietary components are relevant for a disease, as it accounts for latent interactions and cumulative effects. This may be particularly important for CHD and stroke for which multiple dietary components are established or putative risk factors. There is a large body of evidence, mainly from prospective observational studies, that plant-based dietary patterns which are rich in fruit, vegetables, and whole grains, but low in meat and refined grains and that focus on healthy sources of fat are useful for preventing CHD and stroke. This evidence is facilitated by studies relating dietary patterns to CHD risk markers. Reduced rank regression as a new tool in dietary pattern analysis may be useful in this context to identify dietary patterns relevant to CHD and stroke and also to aid their pathophysiological interpretation.
